
Benefits of Direct-T o Tool in National Air space System

Banavar Sridhar1, Gano B. Chatterji 2and Shon R. Grabbe 3

NASA Ames Research Center
Moffett Field, CA 94035

ABSTRACT

Recent initiatives in air traffic management both in
the United States and in Europe are aimed at providing
air traffic controllers automation tools to separate traf-
fic, meet time constraints required for traffic flow and
accommodate route preferences of users such as air-
lines. These efforts are expected to result in removal of
restrictions on users preferred routes without compro-
mising safety. Thus, aircraft will be able to fly optimal
routes such as great circle and wind-optimal routes.
In the existing system, only a limited number of flights
on optimal routes are authorized. Widespread use is
limited due to lack of automation tools for maintaining
air traffic controller’s situational awareness and inter-
facility coordination required for safe operations. In ad-
dition, aircraft which have the basic navigation capa-
bility needed for flying from one navigational aid to an-
other along the airways are unable to fly these optimal
routes. National Aeronautics and Space Administra-
tion has developed the design for a new automation
tool, referred to as the Direct-To tool, which advises
the controller on direct time-saving routes for any air-
craft irrespective of levels of equippage. In contrast to
earlier studies on the potential benefits of direct routes
in the National Airspace System (NAS), the objective of
this paper is to evaluate the benefits based on a con-
troller tool. The paper describes the benefits of apply-
ing this algorithm to the 20 air route traffic control cen-
ters within the continental United States. Benefits are
measured in terms of the total time savings accrued by
flying the direct route. Results are described for three
different implementations dependent on the search re-
gion bounding each air route traffic control center. The
first region exactly encloses the air route traffic control
center airspace, the second is the smallest rectangular
bounding region while the third is a bigger rectangu-
lar bounding region approximately twice are large as
the second region. It is shown that the application of
the direct routing algorithm does not significantly al-
ter the number of conflicts and their spatial distribution
compared to the case in which the aircraft fly along the
airways. The results presented in the paper show that
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the direct routing algorithm can provide significant cost
savings to the users without adversely impacting the
air traffic management functions.

1. INTRODUCTION

The air traffic flow management and control func-
tions are based on predictability of traffic which in the
United States is achieved by imposing a route struc-
ture consisting of low-altitude Victor airwaysand high-
altitude Jet routes[1]. These routes are marked by nav-
igational aids which allow the aircraft to navigate from
the origin airport to the destination airport. With sched-
uled aircraft flying along the route structure, the change
in day-to-day traffic pattern is small. This relative stabil-
ity helps the air traffic controller’s situational awareness
process. The main limitation of the fixed route structure
is that it limits flexibility and capacity [2]. The desire
for flexibility and capacity improvements is due to tech-
nological improvements in navigation and communica-
tion that have made it possible for aircraft to fly without
ground-based navigation aids and receive weather, de-
lay and schedule information updates in flight to guide
cockpit decision making. These capabilities permit the
aircraft to fly optimally based on the operators prefer-
ences. Many of the preferences and the needs related
to flexibility and capacity are discussed in Reference
[3].

Flight plan optimization process is described in
References [4, 5]. It requires knowledge of aircraft
characteristics (performance and fuel), crew costs,
crew scheduling requirements, aircraft maintenance
schedule, schedule of connecting flights, expected
airspace capacity, weather, special use airspace and
location of alternative airports [4, 5]. Reference [5] de-
scribes the role of flight planning in airline operational
control (AOC).

Benefits of simplified optimal routing such as
great-circle routing which is the shortest path between
the origin and destination airports has been a subject
of several studies. The studies in Reference [6], [7] and
[8] conclude that substantial cost savings are possible
by flying direct routes. Optimal flight planning criteria
and its benefits are described in [9, 10]. These studies
suggest that between $42 to $90 million annual cost
savings are possible for some 2000 flights per day.

In the current system it is possible to obtain some
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of the benefits of direct routing for longer-range flights
via the National Route Program (NRP) [11, 12, 13].
Users can file minimum-time/cost routes provided their
aircraft are equipped with area navigation (RNAV)
equipment and certified for instrument flight (IFR). Ini-
tially the program was applicable to flights operating
at or above flight level 390 but since then the flight
level has been lowered to at or above flight level 290
[13]. Like the conventional flight plan, the NRP flight
plan also needs to be filed using fixes and jet routes.
The main limitation of the NRP program are the alti-
tude base of flight level 290, RNAV equippage require-
ment and 200 nautical mile egress and ingress require-
ments. The 200 nautical mile requirement precludes
the short-haul flights from reaping the benefits of opti-
mal routing. Approximately 40% of the daily flights are
short-haul flights [3]. Reference [12] states that indus-
try savings due to NRP are estimated at $40 million.
Estimates also suggest that as many as 1500 flights
per day are taking advantage of the NRP program with
annual savings of at least $21 million [13].

The Direct-To tool (DT2) for enroute controllers is
a member of the Center TRACON Automation System
(CTAS) and is currently planned for field evaluation at
the Fort Worth Center [14]. It is designed to eliminate
doglegs in the routes within the current airways struc-
ture and will benefit aircraft without regard to equip-
page and route length. The savings are achievable
since the algorithm does not require a radical shift in
how the traffic flow and traffic control functions are ac-
complished within the current system.

The rest of the paper is organized as follows.
Section 2 describes the direct routing algorithm and
presents the implementation details. Section 3
presents the simulation environment and a detailed
study of the benefits within the Fort Worth (ZFW) air
route traffic control center (ARTCC) airspace. The
impacts of three different sized regions bounding the
ZFW ARTCC are also assessed in this section. The
number and the nature of the conflicts which direct
routing and flight plan routing are compared in Sec-
tion 4. Benefits for 20 ARTCCs within the continental
United States are discussed in Section 5. Finally, the
paper is concluded in Section 6.

2. DIRECT ROUTING ALGORITHM

The direct routing algorithm described in Refer-
ence [14] is used as the basis for the benefit study de-
scribed in this paper. The algorithm is implemented in
two steps. In the first step, a direct routing fix is se-
lected from a database. The chosen fix is either the
location of a navigational aid or an airways intersection
that is specified in the flight plan. In the second step,
trajectories are generated to determine the flight time
to the chosen fix along the flight plan route and the di-
rect route. If the flight time along the direct route is less,
the direct route is chosen. Time savings and not dis-

tance savings are used because time savings include
the effect of winds along the route. Also, time savings
can be related to fuel savings. Aircraft operators can
maintain their schedule by reducing the airspeed when
time savings are predicted such that they arrive at the
fix at the scheduled time. From scheduling point of
view, time savings have the same effect as the aircraft
experiencing a tail wind.

An important aspect of the direct routing algorithm
is the fix selection procedure. The choice of fix is a
function of the destination of the aircraft. For exam-
ple, if the destination airport is not a major airport, a fix
near or at the airport can be used as a direct routing
fix. If the destination is a major airport where the air-
craft follow the standard terminal arrival route (STAR)
and cross into terminal radar approach control (TRA-
CON) airspace at feeder gates, a fix along the STAR
can be used as the direct routing fix. The present
version of the algorithm does not consider arrivals to
the main hub airport due to the metering and arrival
rate restrictions. An adaptation database is used for
correlating these fixes with the airports in a bounded
region around the ARTCC. This database provides
the direct routing fix if the destination airport is within
the bounded region. If the destination is outside the
bounding box, a fix which is nearest to the box bound-
ary is chosen.

To obtain an estimate of the time savings by using
the direct route to the chosen fix, two trajectories are
predicted: one along the flight plan route and the other
along the direct route. The trajectory synthesizer which
is a core element of the Center TRACON Automation
System (CTAS) uses current state of the aircraft, air-
craft performance model, weather forecast and oper-
ational procedures to predict these trajectories. The
difference between the times of arrivals at the fix re-
sults in the predicted time savings. If the savings are
greater than one minute, the aircraft call sign, the di-
rect route along with time savings and conflict status
are presented on the controllers screen for further con-
sideration.

In order to evaluate the benefits of DT2 for the 20
ARTCCs, a modified version of the algorithm was im-
plemented within the Future ATM Concepts Evaluation
Tool (FACET) which is described in Section 3. Modifi-
cations to the basic algorithm were needed for ease of
implementation and due to some limitations of FACET.
The differences between the CTAS and FACET imple-
mentations are as follows. In the CTAS implementation
of the direct routing algorithm, only the arrivals at the
major hub airport within the ARTCC are excluded while
in the FACET implementation all arrivals to any air-
port within the ARTCC are excluded. This change was
made to avoid ARTCC specific adaptation. CTAS im-
plementation considers aircraft in both low-altitude and
high-altitude sectors for direct routing while the FACET
version considers aircraft only in the high-altitude sec-
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tors. This constraint was applied because the current
version of FACET does not model the standard instru-
ment departure (SID) routes and the standard terminal
arrival routes (STARs). Weather data is unavailable
to FACET while CTAS uses weather for trajectory syn-
thesis needed for computation of time savings to the
chosen fix. Time savings are equivalent to distance
savings for the FACET implementation since wind ve-
locity is ignored. Special use airspace (SUA) is not
used in the estimation of benefits since earlier studies
have shown 98.8% of the economic benefits of direct
route flights can be realized even when aircraft are de-
nied access through SUA [15]. However, SUA will be
included in future studies.

3. BENEFITS IN FORT WORTH CENTER

Benefits study of DT2 in the National Airspace
System requires a software system that models air traf-
fic within the entire United States, implements Direct-
To algorithm and provides analysis and visualization
tools. FACET easily met these requirements and was
chosen for the study.

FACET provides the infrastructure needed for
evaluating concepts that are implemented as algo-
rithms in software. FACET contains geometric descrip-
tions of 20 ARTCCs within the United States including
all the sectors within them. Only Alaska and Hawaii
ARTCCs are currently unavailable. The database also
contains the Victor airways and the Jet routes along
with the location of navaids and intersections. An air-
port database is also provided that contains locations
of more than 15,000 airports worldwide. The perfor-
mance models provide climb, cruise and descent char-
acteristics of over 500 different types of aircraft. These
characteristics are used in the equations of motion to
simulate aircraft flight. FACET provides capabilities
to simulate traffic along great-circle (direct) and flight
plan routes. For simulation along the direct routes,
only locations of the origin airports and the destina-
tion airports are needed. For flights along the flight
plans, a parser within FACET is used for decoding flight
plans into a sequence of waypoints specified in terms
of latitudes and longitudes. A closed-loop great-circle
guidance law is used for steering the aircraft along
the route of flight. In the flight plan case, aircraft are
flown from one waypoint to the next using the great-
circle guidance law. The initial conditions for the sim-
ulation such as aircraft types, departure airports, de-
parture times, destination airports and flight plans are
obtained from the Enhanced Traffic Management Sys-
tem (ETMS) data. ETMS fuses the flight plan and track
data provided by the host computers of all the ARTCCs
to create a composite database of air traffic within the
entire country.

In order to calibrate the benefits obtained by the
modified direct routing algorithm in FACET against the
direct routing algorithm in Reference [14] in CTAS, traf-

fic for 24 hours was simulated for a 1000 x 600 nauti-
cal miles box surrounding the Fort Worth ARTCC. The
initial conditions and flight plans for this FACET simula-
tion were obtained from a 24-hour recording of ETMS
data. Figure 1 shows the histogram of the savings for
ZFW. Observe that time savings up to nine minutes
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Figure 1: Savings for Fort Worth ARTCC.

were considered. Savings greater than nine minutes
were discarded because closer examination revealed
that the aircraft in these cases were being rerouted for
avoiding weather and dense traffic areas. Direct rout-
ing is unreasonable in these cases. The total savings
for this day was found to be 20.6 hours and the av-
erage savings was 3.5 minutes per aircraft sent on the
direct route. These savings compare favorably with the
average savings of 2.5 minutes obtained using CTAS.
The difference is due to the limitations discussed ear-
lier in Section 2 and also due to the day-to-day varia-
tions seen in the traffic data. The CTAS and FACET
estimates are for different days. The traffic data in the
case of FACET is simulated while in the case of CTAS
actual traffic data provided by the ARTCC host com-
puter is used.

The benefits of implementing DT2 at an ARTCC
depends on the size of the bounding box, and the
bounding box size also influences the approach for
providing DT2 coverage in the entire NAS. To under-
stand the influence of the bounding box, in addition
to the 1000 x 600 nautical miles box that was used
earlier, two additional regions of different sizes were
used to study direct routing benefits. The three re-
gions are shown in Figure 2. The first region exactly
encloses the ARTCC and its boundary is same as
the ARTCC boundary. The second region is a rect-
angular region that barely encloses the ARTCC. Fi-
nally, the third box that encloses the ARTCC is about
twice as large as the smaller rectangle. The smaller
and the larger rectangle shown in this figure are of
size 633 x 293 nautical miles and 1000 x 600 nau-
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Figure 2: Regions for Fort Worth ARTCC.

tical miles. These regions of different sizes have an
impact on direct routing benefits. For example, con-
sider the flight plan for a flight from San Antonio, Texas
(SAT) to Greater Rockford, Illinois (RFD) shown in Fig-
ure 2. The planned route of flight for this particular
flight is specified in terms of the fixes and jet routes
as SAT./.GOBBY..FUZ.J131.LIT.J101.STL..BDF..RFD.
When the ARTCC boundary is used as the bounding
region, the direct routing algorithm sends the aircraft
directly to the TXK fix shown in Figure 2. Time sav-
ings for the direct route with reference to the flight plan
route up to TXK is 1.9 minutes. If the choice of the
bounding region is the smaller rectangle, the aircraft is
sent direct to the IGLOO fix on the jet route J101. The
time savings in this case is 3.7 minutes. In the case of
the larger bounding box, the aircraft is sent to the in-
tersection 10529 on jet route J101 shown in Figure 2,
and the savings increase to 6 minutes. This example
suggests that as the box size increases, direct rout-
ing benefits increase. To verify that this indeed is the
case, time savings per aircraft sent on direct route and
the total time savings were obtained using the 24-hour
FACET simulation that had been used earlier for the
larger 1000 x 600 nautical miles region. Total time sav-
ings for the ARTCC region and that bound by the small
rectangle were found to be 7.8 hours and 10.3 hours.
Average savings per aircraft on direct route for these
two regions were 4.1 minutes and 4.4 minutes.

4. NUMBER AND NATURE OF CONFLICTS

An important operational issue for direct routing
within the existing route and airspace structure is the
possible decrease in the air traffic controller’s situa-
tional awareness and increase in workload. CTAS
automation for direct routing is designed with conflict
checking and trial planning tools that enhance con-
troller’s situational awareness and do not adversely im-
pact workload. One of the ways in which impact of di-
rect routing on controller workload can be studied is
by examining the number of conflicts and the locations
where these conflicts occur. Since the primary function

of air traffic control is to prevent conflicts that can result
in separation violations, a significant amount of con-
troller workload is attributed to the conflict monitoring
and conflict resolution tasks. Controllers expect most
conflicts to occur near the intersections of the airways,
therefore their attention is focussed at these regions.
The monitoring task has the potential of change if the
conflicts are dispersed away from the intersections.
Due to these concerns, the number of conflicts and
their spatial distribution were studied for the Fort Worth
ARTCC airspace. Figure 3 shows the time history of
the difference between the number of conflicts with the
direct routing algorithm and without it. At any given
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Figure 3: Time history of conflicts.

time, the difference between the number of conflicts
was obtained by subtracting the number of conflicts
that occurred when all the aircraft flew on their flight
plans from the number of conflicts when direct rout-
ing algorithm was used for routing aircraft with more
than one minute of time savings. The figure shows
that at some time instants the number of conflicts in
the direct routing case is more than the nominal flight
plan case. At other instants, the behavior is opposite.
The histogram of the difference between the number of
conflicts is shown in Figure 4. This figure shows that
during 60% of the 24-hour period there were no differ-
ences in the number of conflicts on the direct and flight
plan routes. During 23% of the time, there were fewer
conflicts with direct routing. The number of conflicts
increased by one during 10% of the time. Only about
7% of the time there was an increase of two or more
conflicts. The overall time history shown in Figure 3
and the histogram in Figure 4 lead to the conclusion
that direct routing does not significantly alter the total
number of conflicts.

The spatial distribution of all the conflicts that oc-
curred in the 24-hour period when aircraft flew on their
flight plans is shown in Figure 5. A similar distribution
when aircraft were sent on direct routes is shown in
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Figure 4: Histogram of difference between number of
of conflicts.

Figure 6. By comparing these two figures it is easily
seen that the conflict locations are fewer and slightly
dispersed with direct routing. Overall change is in-
significant. Observe that these figures do not show the
conflict locations at any one time but the composite of
all times within the 24-hour period. This fact along with
the conflict count shown in Figure 3 suggest that direct
routing may not have a significant adverse effect on the
controller’s workload.
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Figure 5: Spatial distribution of conflicts without direct
routing.

5. BENEFITS IN NAS

Having studied the benefits of direct routing al-
gorithm and the nature of conflicts in the Fort Worth
ARTCC, the benefits study was extended to the 19 ad-
ditional ARTCCs in the continental U. S. airspace. The
boundary of each of these ARTCCs is shown in Fig-
ure 7. Average time savings per aircraft sent on direct

route and the total time savings were obtained for re-
gions surrounding each of the 19 additional ARTCCs
using the 24-hour traffic simulation in FACET. Like the
Fort Worth case, three regions around each ARTCC
were used.

Results for regions that exactly enclose these
ARTCCs is summarized in Table 1. The first column of
this table shows the name of the ARTCC. The second
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Figure 6: Spatial distribution of conflicts with direct
routing.

Figure 7: Boundaries of 20 ARTCCs.

column shows the average time savings µ in minutes
while the third column shows the standard deviation of
the time savings σ in minutes. Observe from Figure 1
that only the positive σ interpretation is valid. The time
savings spread for any ARTCC can be estimated as µ
+ 3σ. Using the data in Table 1, the upper bound of
the time savings for an aircraft within the Fort Worth
ARTCC can be estimated to be 12.5 minutes. The
fourth column presents the number of aircraft that were
sent on the direct route in the 24-hour period. Finally,
the fifth column lists the total time savings in hours for
the 24-hour period for each bounding region. Total sav-
ings were obtained by adding the savings of individual
aircraft sent direct using the direct routing algorithm.
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Table 1: ARTCC region results

ARTCC µ σ # Ac. Total
(min.) (min.) (hrs.)

Boston 2.6 1.6 378 16.5
Fort Worth 4.1 2.8 113 7.8
Indianapolis 2.6 1.8 210 9.1
Jacksonville 2.6 1.7 491 21.3
Miami 2.6 1.6 127 5.4
New York 2.4 2.0 128 5.0
Atlanta 2.6 1.8 184 7.9
Houston 2.7 1.9 96 4.4
Memphis 2.9 2.4 84 4.1
KansasCit y 2.7 2.2 76 3.4
Cleveland 2.3 1.5 305 11.5
Minneapolis 2.6 1.6 63 2.7
Chicago 2.8 1.5 196 9.3
Albuquerque 2.5 1.8 193 7.9
Denver 3.5 2.8 158 9.1
Salt Lake Cit y 2.7 1.7 80 3.6
Seattle 3.8 2.7 73 4.7
Oakland 3.5 2.3 223 12.9
Los Angeles 2.7 1.8 230 10.2
Washington 2.5 1.5 301 12.6

Time savings results were also obtained for
small rectangular regions that barely enclosed the 20
ARTCCs. These results are given in Table 2. The
length and width of the Fort Worth ARTCC are 622
nautical miles and 293 nautical miles. For the Fort
Worth ARTCC study described in the previous section,
a 1000 x 600 nautical miles rectangular box had been
used as the larger region. These dimensions result in
the length scale factor of 1.61 and width scale factor
of 2.05. Larger regions bounding each of the ARTCCs
were obtained by scaling the length and width by the
same scale factor as the Fort Worth ARTCC. Results
for the large rectangular bounding regions are summa-
rized in Table 3.

The average time savings and the total time sav-
ings results shown in Table 1 through Table 3 are plot-
ted as bar charts in Figure 8 and Figure 9. In the set
of three bars for each ARTCC, the first bar from the
left represents the savings in the ARTCC region. The
middle bar represents the savings in the small rectan-
gular bounding region. The bar on the right shows the
savings in the large rectangular region surrounding the
ARTCC airspace. Figure 8 does not show a definitive
trend in the average time savings as a function of size
of the bounding region. It is interesting to note that the
mean of the average time savings is 2.8 minutes irre-
spective of the size of the bounding region. The total
time savings shown in Figure 9 leads to the conclu-
sion that total time savings increase with the increas-

Table 2: Small bounding region results

ARTCC µ σ # Ac. Total
(min.) (min.) (hrs.)

Boston 2.7 1.7 415 18.4
Fort Worth 4.4 2.9 139 10.3
Indianapolis 2.8 1.8 248 11.6
Jacksonville 2.7 1.8 558 25.4
Miami 2.7 1.7 517 7.6
New York 2.5 1.9 292 12.2
Atlanta 2.6 1.9 179 7.8
Houston 3.0 1.9 118 5.9
Memphis 2.8 2.0 167 7.8
KansasCit y 2.6 2.0 110 4.7
Cleveland 2.3 1.6 394 15.4
Minneapolis 2.3 1.5 266 10.3
Chicago 2.9 1.3 197 9.5
Albuquerque 2.4 1.7 273 11.1
Denver 3.0 2.4 226 11.5
Salt Lake Cit y 2.4 1.5 130 5.3
Seattle 3.0 2.3 99 5.0
Oakland 3.2 2.2 263 14.1
Los Angeles 2.4 1.8 414 16.6
Washington 2.6 1.7 394 17.1

Table 3: Large bounding region results

ARTCC µ σ # Ac. Total
(min.) (min.) (hrs.)

Boston 2.7 1.7 593 26.7
Fort Worth 3.5 2.8 349 20.6
Indianapolis 2.8 1.9 503 23.2
Jacksonville 3.1 1.9 720 37.6
Miami 2.7 1.7 517 27.0
New York 2.3 1.7 542 20.7
Atlanta 2.5 1.7 513 21.5
Houston 2.8 1.9 363 17.1
Memphis 2.7 2.0 383 17.4
KansasCit y 2.4 1.7 376 14.9
Cleveland 2.5 1.9 678 28.5
Minneapolis 2.5 1.8 452 18.9
Chicago 3.7 2.4 370 22.6
Albuquerque 2.5 1.8 489 20.6
Denver 3.0 2.2 370 18.3
Salt Lake Cit y 2.2 1.4 278 10.4
Seattle 2.8 2.0 182 8.5
Oakland 3.2 2.2 415 21.9
Los Angeles 2.3 1.7 570 22.1
Washington 3.0 1.8 825 40.6
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ing size of the bounding regions. The main reason, as
can be seen from an examination of Tables 1, 2 and 3,
is that the number of aircraft within an ARTCC eligible
for direct routing increases monotonically with the size
of the bounding region. Total time savings in just the
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Figure 8: Average time savings for the 20 ARTCCs.

ARTCC regions represents the conservative but realiz-
able estimates. This is because ARTCCs have a clear
jurisdiction over their airspace hence they can send air-
craft direct to any location within their airspace. When
larger regions which are beyond the ARTCC bound-
ary are used, letters of agreements with neighboring
ARTCCs determine the extent of privileges they have
in their neighbors airspace. No matter whether the
ARTCC regions, small rectangular regions, large rect-
angular regions or combinations of them are used, the
time savings for each direct route segment as the air-

craft are handed off from one bounding region to the
next will need to be summed up to obtain NAS wide
savings. An estimate of NAS wide savings of 439
hours obtained by summing up the fifth column of Table
3 is an optimistic one in this context. A similar estimate
of 169 hours for the ARTCC regions in Table 1 is a
conservative one. The estimate of 228 hours obtained
via Table 2 represents a compromise between the two
extremes.

6. CONCLUSIONS

The potential benefits of Direct-To tool for enroute
controllers developed by the National Aeronautics and
Space Administration was the subject of this study.
The benefits of Direct-To algorithm were estimated for

B
os

to
n

Fo
rt 

W
or

th
In

di
an

ap
ol

is
Ja

ck
so

nv
ill

e
M

ia
m

i'

N
ew

 Y
or

k

(

A
tla

nt
a

H
ou

st
on

M
em

ph
is

K
an

sa
s 

C
ity

)0

5

10

15

20

25

30

35

40

45

T
ot

al
 T

im
e 

S
av

in
gs

 (
hr

s.
)

*

C
le

ve
la

nd

+

M
in

ne
ap

ol
is

C
hi

ca
go

A
lb

uq
ue

rq
ue

D
en

ve
r,

S
al

t L
ak

e 
C

ity

-

S
ea

ttl
e

O
ak

la
nd

+

Lo
s 

A
ng

el
es

W
as

hi
ng

to
n

0

5

10

15

20

25

30

35

40

45

T
ot

al
 T

im
e 

S
av

in
gs

 (
hr

s.
)

.

Figure 9: Total time savings for the 20 ARTCCs.

the Fort Worth air route traffic control center airspace
in terms of average time savings per aircraft sent on
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direct routes and the total time savings within the 24-
hour period. Benefits were assessed for three different
regions bounding the airspace. Total time savings in
the first region that exactly bounds the air route traffic
control center airspace was found to be 7.8 hours/day.
Time savings for the second region, which is a small
rectangular region bounding the airspace, was found
to be 10.3 hours/day. Similarly, time savings for the
third region was found to be 20.6 hours/day. This re-
gion was twice as large as the small rectangular re-
gion. Assuming an operational cost of $29 per minute,
the time savings in these three regions translate into an
annual cost savings of $5 million, $6.5 million and $13
million, respectively. The time savings in the larger re-
gion results in a savings of $16 million based on a cost
of $35 per minute, which compares very well with the
savings of $18 million predicted using the Center TRA-
CON Automation System implementation of Direct-To
tool. The spatial distribution of the conflicts were also
studied for the first region with direct routing in contrast
with the spatial distribution of conflicts that occurred as
the aircraft flew according to their flight plans. It was
found that the number of conflicts at any given time do
not change significantly which suggests that the con-
troller’s workload may not be adversely impacted by
the direct routing procedure. The benefits study was
extended from the Fort Worth Center to the 19 addi-
tional air route traffic control centers. Total time savings
results obtained for the three regions bounding each
of these 20 air route traffic control centers show that
significant time savings ranging from 169 hours/day to
439 hours/day is possible. These time savings trans-
late into annual cost savings ranging from $107 million
to $279 million based on an assumed operational cost
of $29 per minute. These results are in agreement with
an earlier Delta airline study which forecast annual cost
savings ranging from $42 million to $92 million based
on 2000 flights/day with an average time savings of two
minutes. Scaling the baseline benefit of $42 million for
the 2000 flight per day with the number of aircraft sent
on direct routes per day in the three regions amounts
to annual savings ranging from $78 million to $214 mil-
lion.

The benefit results presented in this study pro-
vides valuable data to make decisions about different
ways a direct routing tool can be implemented in the
National Airspace System. To our knowledge, it is the
first study which estimates the savings from direct rout-
ing, Center by Center, based on a tool which can be
implemented in the near future.

ACKNOWLEDGMENTS

The authors thank Dr. Heinz Erzberger and David
McNally of NASA Ames Research Center, and Danny
Chiu and Philippe Stassart of Raytheon Systems Com-
pany for several discussions on Direct-To algorithm.

References

[1] Nolan, M. S., Fundamentals of Air Traffic Con-
trol , Wadsworth Publishing Company, Belmont,
CA, 1994, pp. 311–365.

[2] Final Repor t of the RTCA Task Force 3 Free
Flight Implementation , RTCA, Inc., Washington,
DC, October 26, 1995.

[3] Haraldsdottir, A., Alcabin, M. S., Brown, J. A.,
and Schwab, R. W., National Air space Sys-
tem Stakeholder Needs , Boeing Commercial
Airplance Group, Washington, DC, October 26,
1995.

[4] Pujet, N., and Feron, E., “Flight Plan Optimiza-
tion in Flexible Air Traffic Environments,” AIAA
Guidance, Navigation,and Control Conference, San
Diego, CA, July 29-31, 1996.

[5] FMS-ATM Next Generation (FANG) Team, Airline
Operational Contr ol Overview, Federal Aviation
Administration, Washington, DC, July, 1997.

[6] Mohleji, S., “Flight management Systems Infor-
mation Exchange with AERA to Support Future
Air Traffic Control Concepts,” IEEEPLANS’92 Posi-
tion LocationandNavigationSymposiumRecord “500
Years After Columbus-NavigationChallenges of To-
morrow” , Montrey, CA, March 23-27, 1992, pp.
240-247.

[7] Datta, K., and Schultz, G., An Evaluation of
TAAM for Free Flight Modeling , Final Report
for Advanced Air Transportation Technology Pro-
gram, NASA Ames Research Center, Moffett
Field, CA, August, 1996.

[8] Politano, A. L., Flores, M., Winer, D. E., and
Czech, H. C., “Toward Making the NAS More Pro-
ductive: GPS-Enabled Direct Routing in the New
England Region,” Air Traffic Control Quarterly, Vol.
4, No. 2, 1997, pp. 81-106.

[9] Tocher, J., and Curry, R., “Benefits of Optimal
Flight Plans,” AeroSense, Orlando, FL, April 10,
1996.

[10] Bell, G. F., and Curry, R. E., “The Role of Free
Flight in Delta’s Future,” AIAA TransportationTC
Workshop, Washington, DC, March 6, 1996.

[11] Federal Aviation Administration, “National Route
Program,” Advisory Circular 90-91, Washington,
DC, April 24, 1992.

[12] Federal Aviation Administration, “National Route
Program,” N7110.128FreeFlight, Washington, DC,
January 9, 1995.

8



[13] Ott, J., “New ATC Techniques Keep Air Traffic
Flowing,” AviationWeek& SpaceTechnology, Febru-
ary 2, 1998, pp. 51-53.

[14] Erzberger, H., McNally , D., and Foster, M.,
“Direct-To Tool for En route Controllers,” IEE Work-
shopon AdvancedTechnologiesand their Impacton
Air Traffic Managementin the 21st Century, Capri,
Italy, September 26-30, 1999.

[15] Datta, K., and Barrington, C., Effects of Special
Use Air space on Economic Benefits of Direct
Routing , NASA Contractor Report 196704, Con-
tract NAS2-13767, NASA Ames Research Cen-
ter, Moffett Field, CA, October, 1996.

9


